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Abstract
AIM: To assess the value of D-dimer level in determin-
ing resectability of pancreatic cancer. 

METHODS: Preoperative prediction of pancreatic head 
cancer resectability remains inaccurate. The use of 
hemostatic factors may be of potential help, since D-di-
mers correlate with tumor stage. Single center clinical 
trial study comprised patients with potentially resect-
able pancreatic head tumor and without detectable ve-
nous thrombosis (n  = 64). Resectability was defined as 
no evidence of nodal involvement, distant spread and 
no invasion of mesenteric vessels. Final decision of re-
sectability was confirmed intraoperatively. Experienced 
pancreatic surgeon performed all surgeries. Following 
the dissection of hepatoduodenal ligament, samples of 
portal blood and bile were taken. Peripheral blood via  
central line and urine via  Foley catheter were sampled. 
D-dimer levels were further measured.

RESULTS: At laparotomy only 29 (45.3%) tumors were 
found to be resectable. Our analysis showed higher by 
57.5% (P  < 0.001) mean D-dimer values in peripheral 
and 43.7% (P  = 0.035) in portal blood of patients with 
unresectable pancreatic cancer. Significant differences 
were not observed when analyzing D-dimer levels in 
bile and urine. Peripheral D-dimer level correlated with 
pancreatic cancer resectability. When cut-off D-dimer 
value of 570.6 μg/L was used, the sensitivity for as-
sessment of tumor unresectability was 82.8%. Further-
more, D-dimer level in peripheral blood of metastatic 
disease (n  = 15) was significantly higher when com-
pared to locally advanced (n  = 20) pancreatic cancer 
(2470 vs  1168, P  = 0.029). The area under ROC curve 
for this subgroup of patients was 0.87; for determina-
tion of unresectable disease when threshold of 769.8 
μg/L was used, sensitivity and specificity was 86.6% 
and 80%, respectively.

CONCLUSION: Patients with resectable pancreatic 
head cancer based on preoperative imaging studies and 
high D-dimer level may be considered unresectable due 
to occult hepatic metastases. These patients may ben-
efit from diagnostic laparoscopy to avoid exploratory 
laparotomy. 

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: High D-dimer level in patients with resectable 
pancreatic head cancer based on preoperative imaging 
studies predicts that tumor may be considered unre-
sectable due to occult hepatic metastases. However, 
further multi-center studies are needed on high D-di-
mers in pancreatic head cancer and preoperative clini-
cal decision making and surgical treatment. If verified, 
D-dimer testing should be performed in all subjects 
with pancreatic cancer.
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INTRODUCTION
The prognosis of  pancreatic adenocarcinoma is poor, 
with the lowest overall long-term survival rate of  any 
cancers[1]. Radical resection represents the only chance 
for a cure, but only 15% of  all pancreatic tumors are 
indicated for surgery at presentation[2]. The accuracy of  
preoperative staging for the unresectability, including 
contrast enhanced computed tomography (CT) and mag-
netic resonance imaging is high, but prediction of  resect-
ability is much less accurate[3]. Undetected, occult hepatic 
metastases and incorrect estimation of  vascular involve-
ment, are mainly responsible for this inaccuracy. There-
fore, about half  of  patients previously qualified for the 
radical surgery are found to be unsuitable for resection 
during surgical exploration[4]. Exploratory laparotomy for 
these patients does not provide a survival advantage, and 
can be associated with significant morbidity and mortal-
ity[5]. Recovery from unnecessary laparotomy further 
delays palliative systemic chemotherapy. Therefore, these 
patients would be more likely designated for less invasive 
procedures including endoscopic biliary or duodenal 
stenting[6]. 

Improved diagnostic tests for optimized preoperative 
evaluation of  pancreatic cancer resectability are needed. 
The use of  hemostatic factors may be of  potential help, 
since patients with cancer are characterized by higher ten-
dency to hypercoagulability. Pancreatic cancer is among 
the most common malignancies associated with this 
phenomenon. Therefore, increasing attention has been 
focused on plasma D-dimer level in patients with pancre-
atic cancer. D-dimers are specific final degradation prod-
ucts of  cross-linked fibrin. Up to date, D-dimer levels 
have proved to play important role in tumor spread and 
distant metastases and showed better correlation with 
tumor stage and unfavorable prognosis in patients with 
pancreatic cancer[7,8] than the others clinically widely used 
classic tumor markers. 

In our previous study, we showed that this correlation 
may be even stronger when portal blood D-dimers are 
assessed[9]. However, to date, no study, to our best knowl-
edge, has correlated D-dimer levels with the resectability 
of  pancreatic cancer. 

The aim of  this study was to assess the value of  the 
levels of  D-dimers in portal and peripheral blood, bile 
and urine in determining unresectability of  pancreatic 
cancer, in patients who were qualified for radical surgery 
by preoperative radiographic studies.

MATERIALS AND METHODS
This single center clinical trial study comprised patients 
with pancreatic head tumor (n = 64) and without detect-
able venous thrombosis, whose disease was deemed re-
sectable by imaging studies, scheduled for pancreatoduo-
denectomy in the Department of  General and Transplant 
Surgery of  Medical University in Lodz, Poland. All our 
patients underwent spiral CT with intravenous contrast 
enhancement, since it remains the single most useful 
method for diagnosis of  pancreatic adenocarcinoma. 
Computed tomography is the imaging modality of  choice 
because it is widely available and the best validated tool 
for staging of  pancreatic adenocarcinoma[10,11].

All patients provided written informed consent. 
Ethical approval for this study (Ethical Committee No 
RNN/367/12/KB) was provided by the Ethical Com-
mittee of  Medical University of  Lodz, Poland.

Resectability was defined as no evidence of  nodal in-
volvement, distant spread and no invasion of  mesenteric 
vessels. Final decision of  pancreatic cancer resectability 
was confirmed intraoperatively. Experienced pancreatic 
surgeon performed all surgeries. Surgery was performed 
through a right subcostal laparotomy. When tumor was 
found unresectable and radical surgical management 
(Whipple procedure) was not possible, triple by-pass or 
gastrojejunostomy (in patients with biliary stent inserted 
to common bile duct) were performed. Following the 
dissection of  hepatoduodenal ligament, samples of  por-
tal blood and bile were taken, as described earlier[12,13]. 
Peripheral blood via central line and urine via Foley cath-
eter were sampled. D-dimer levels (VIDAS D-Dimer 
Exclusion II, bioMérieux, France) were further measured. 
Pancreatic cancer was confirmed by pathological exami-
nation in all cases. Doppler ultrasonography was used for 
the exclusion of  deep venous thrombosis.

Statistical analysis
To compare the differences in D-dimer levels between 
resectable and unresectable pancreatic cancer we applied 
non-parametric Mann-Whitney test. Receiver operating 
characteristics (ROC) curves were constructed. The sen-
sitivity and specificity of  tumor unresectability were cal-
culated for optimal operating point. All statistical calcula-
tions were performed using SigmaPlot version 12.0 (Systat 
Software Inc., San Jose, CA) with the level of  statistical 
significance P < 0.05. 

RESULTS
Despite the fact that all patients were shown by CT stag-
ing to have resectable disease, at laparotomy only 29 
(45.3%) tumors were found to be resectable. In all these 
patients the final pathological examination confirmed tu-
mor-free margins of  resection. Of  the remaining group, 
15 patients were diagnosed with liver metastases and 
20 patients had locally unresectable tumor. Our analy-
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sis showed higher by 57.5% (P < 0.001) mean D-dimer 
values in peripheral and by 43.7% (P = 0.035) in portal 
blood of  patients with unresectable when compared with 
resectable pancreatic cancer. Additionally, we did not ob-
serve such differences when analyzing D-dimer levels in 
bile and urine (Table 1). Analysis in subgroups revealed 
considerably high peripheral D-dimers level in patients 
with liver metastases (2470.7 ± 3028.8, P < 0.001), and 
moderately elevated in locally advanced tumors (904.2 ± 
662.9, P = 0.013) when compared to resectable disease 
(630.9 ± 593.8).

The area under ROC curve for peripheral blood was 
0.78 (Figure 1A). This suggested that D-dimer level may 
have direct relation with pancreatic cancer resectability. 
When optimal cut-off  value was accepted as 570.6 μg/L 
the sensitivity and specificity for assessment of  tumor un-
resectability was 82.8% and 66.6%, respectively (Table 2). 

Interestingly, the D-dimer level in peripheral blood of  
metastatic disease (n = 15) was significantly higher when 
compared to locally advanced (n = 20) pancreatic cancer 
(2470.7 ± 3028.81 vs 1168.2 ± 1345.4, respectively, P = 
0.029). The area under ROC curve for this subgroup of  

patients was higher (ROC curve area was 0.87 vs 0.78 for 
all unresectable cases) with sensitivity of  86.6% and speci-
ficity 80% for cut-off  value was 769.8 μg/L (Figure 1B).

DISCUSSION
Idiopathic venous thromboembolism as a paraneoplastic 
phenomenon, was first described by Trousseau in 1865 
year (Trousseau syndrom). Pancreatic cancer is among the 
most common malignancies associated with hypercoagu-
lability as thrombosis occurs in 50% of  patients[14]. The 
initiation of  coagulation is suggested to be the result of  
increased expression of  tissue factor, that may play a cen-
tral role in pancreatic cancer progression, as well[15]. Its 
overexpression was proved in pancreatic cancer cells[16], 
with subsequent fibrin biofilm formation surrounding 
cancer. Fibrin deposits may act as a scaffold for progress-
ing tumor preventing the cancer cells from being killed by 
host immune system[16]. This results in increase of  plasma 
D-dimers, that may be consider as a biomarker indicating 
malignant tumor. Up to date, high plasma D-dimers in 
patients with cancer and without detectable thrombosis 
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Table 1  Plasma peripheral, portal, bile and urinary D-dimer levels of resectable and unresectable pancreatic adenocarcinoma

Samples Resectable (n  = 29) Unresectable (n  = 35) P  value

mean ± SD Median mean ± SD Median
Peripheral blood D-dimer level (μg/L)    630.9 ± 593.8    476.1 1726.4 ± 2283.9 1009.3 < 0.001
Bile D-dimer level (μg/L) 2385.6 ± 3206 750  2745.6 ±  3697.7   870.2 0.947
Urine D-dimer level (μg/L)    154.5 ± 343.6      80.4  86.8 ±  64.9     55.7 0.398
Portal blood D-dimer level (μg/L)    2856.9 ± 3699.5    726.5 4106.9 ± 3965.1 2243.5 0.035
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Figure 1  Receiver operating characteristic curve analysis. A: D-dimer level in peripheral blood of patients with unresectable pancreatic cancer; area under curve: 
0.7895, SE: 0.05; B: D-dimer levels in peripheral blood of patients with metastatic disease; area under curve: 0.8733, SE: 0.05. ROC: Receiver operating characteristic.

A B

Table 2  Sensitivity and specificity and receiver operating characteristics analysis of D-dimer levels in all studied samples

Sample ROC curve area Standard error Optimal operating point Sensitivity Specificity 

Peripheral blood 0.78 0.05 570 82.6% 66.6%
Portal blood 0.65 0.07 604 44.8% 85.7%
Bile 0.50 0.08 810 60.7% 56.5%
Urine 0.43 0.08 130 17.8% 91.3%

ROC: Receiver operating characteristic.
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out kinetics of  D-dimers in pancreatic cancer patients.
In conclusion, we propose that D-dimer testing 

should be done in clinical setting in all patients with 
pancreatic cancer. Elevated preoperative D-dimers may 
predict unresectability of  pancreatic head tumor. Periph-
eral blood D-dimers is of  minor relevance in determining 
local advancement of  pancreatic cancer, however, it may 
be effectively used in the diagnostic algorithm for occult 
hepatic metastases exclusion before surgery. 
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